The close-packed structures are made by piling up close-packed planes of atoms in three different relative positions. In proper hexagonal close packing only two of the positions are used. The intensity of reflexion of X-rays is calculated for a structure which usually follows the hexagonal scheme, but has occasional faults introducing the third position. It is shown that this model gives a satisfactory explanation of the measured integral breadths of certain reflexions from hexagonal cobalt. The affected reflexions with l even are broadened more than those with l odd. The total intensity of the reflexions is not greatly changed.
Introduction
I t is well known (von Laue 1936; Patterson 1939; Ewald 1940) th at the reflexions from a structure which builds up in accordance with a space group have a representation in reciprocal space in which the reciprocal lattice 'points' are similar, i.e. identical except in intensity. The 'shape' of the reciprocal points depends on the shape of the crystal. Structures are being found, however, in which the reciprocal points are not similar, two striking examples being hexagonal cobalt (Hendricks, Jefferson & Shultz 1930; Edwards & Lipson 1941) and AuCu3 containing 'anti-phase' domains (Sykes & Jones 1936; Jones & Sykes 1938) . The observable effect is th a t certain Debye-Scherrer lines are sharp and others broad in a way which cannot be represented by similar points in the reciprocal lattice. The sim plest explanation seems to be that the structure possesses a lattice in which the unit cells are all of the same size and shape, but th at the distribution of atoms within the unit cell varies throughout the crystal. Neighbouring cells tend to be like each other, but at each layer there is a chance of a fault, so that the structure factors of two cells chosen a t random may be quite different. Warren (1941) has considered a more extreme case, th at of 'amorphous' graphite. Here the lattice of unit cells as well as the space group is defective, and successive planes of atoms perpendicular to the hexagonal axis are displaced and rotated relative to each other by random amounts.
General calculation of the r eflected in t e n s it y
Let r 3 -be the position of the jth unit cell relative to an origin 0, p a unit vector parallel to the incident X-ray beam, q a unit vector parallel to the reflected beam. Then the path difference between rays reflected a t the origin and rays reflected at the jfth unit cell is r, . p -r ; . q = -r ;-. s, where s = q -p. Suppose th at the sides of the unit cell are al5 a2, a3. Then the position of the jth unit cell relative to the origin is rj -i i a i+^2a 2+ i 3a 3>
where j x, j 2, j 3 are integers. The amplitude of the reflected beam is then
is the structure factor of the Jth unit cell; f gj is the structure factor and ugj the position of the </th atom in the yth unit cell. The intensity of the reflected beam is 
The solution of this equation is (Milne-Thoinson 1933)
where pe = {-a + ^/(4 -8a + a 2)}/2, ^/(4 -8a + a 2)}/2,
and Qe and Q0 are arbitrary constants. They must be chosen so that P0 = 1, Px = 0. The values required are readily found to be
Equation (8) has been derived for m positive. I t is clear, however, th at the chance of the ( j + m)th plane being like the jth must be the same a chance of the^'th being like the (j + ra)th, i.e.
= Pm. For the present purpose the unit cell may conveniently be taken half the usual length in the direction of the hexagonal axis, so th a t each unit cell contains one atom only. The possible values of Fi are
and
so that the mean value of Fj F*+rn is
Let the expression in brackets be 6K . Then
Substitution in equation (6) gives
The summation over ra3 contains (2ws -| ra3|), and 2 is omitted in the exponential part, because the number of planes of atoms in the direction of the hexagonal axis is twice the number of unit cells, and the interplanar spacing is half the edge of the unit cell. This has the value n\ for a3. s/A = l where l is an even integer, 3w| for l an odd integer; i.e. it gives the ordinary reflexions for a hexagonal closepacked structure. When a is 1 the p's become complex, and the expression in square brackets reduces to A. J. C. Wilson plane would be one of these cubic structures; the meaning of the result obtained is th at one is as probable as the other. The range of a which is of interest for the explanation of the broad lines of hexagonal cobalt is l/w3<^a < 1/2. In this region the important terms in the square brackets are
where Z has been written for a 3. s/A, though the intensity is appreciable for Z differing considerably from an integer. The first term has a maximum of 3n3Qe(\ +Pe)/( 1 ~Pe) 2n3\3< x for l an even integer, the of 3n3Q0(l -p0)/(l + p0) = 6n3/a for Z an odd integer. To get the integral breadth (Jones 1938 ) of these reflexions it is necessary to divide the total intensity by the intensity at the maximum. A simple expression is obtained if each reflexion is taken as extending from -1 to 1, where Z is an integer a t which the intensity is maximal. The total intensities of the reflexions are
For small values of a, Qe is 1/6 and Q0 is 1 /2 (withiii 2*5 % for <0-2 total intensities are approximately n3 for Z even and 3 for Z odd. The corresponding values for a perfect structure are exactly n3 and 3 so the total intensities are right. The integral breadths of the broadened lines are then .
where p is pe for Z even, -p0 for Z odd. The even lines are considerably broader than the odd lines, for
These values of T, M , and MJM0 are valid only when a is so small th a t practically all the reflected intensity is got by photometry. I t is of course impossible to photometer over the range Z-1 to 1. Ideally it would be possible to photometer from Z -0*5 to Z 4-0-5, but the ranges actually covered in P art I were about Z -0*15 to Z + 0' 15. I t is therefore necessary to derive more complicated formulae which include explicitly the range Z -to Z + over which the photometering was done. The whole area under the curve in figure 1 is included in deriving equations (18) to (20), but in the actual photometry the area shaded is lost. The apparent total intensity is therefore
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where again p is pe for l even, -p0 for l odd. The reduction in total intensity predicted by equation (21) is of the order of 15 % for the stronger lines, 30 % for the weaker. Such reductions have not been noted by Edwards & Lipson, but in the absence of reliable com parison lines this is not surprising. They have, however, very kindly allowed me to examine their intensity data. On the present theory (though not on theirs) lines 1010 and 2020 as well as 0004 are unaffected in intensity, and may be used as standards. They are relatively stronger than the other lines, and making the calculated corrections improves somewhat the internal consistency of the measurements. Because of the difficulties of measurement of the broad weak lines, however, it seems unwise to draw any definite conclusions.
The integral breadths become arc tan ^j -^t a n^j --
In figure 2 , p is shown as a function of for = 0-1, 0-2, 0-3, 0-4, 0-5 and 1*0. In table 1 the actual values of M and x from Part I are given in columns 2 and 3, and the values of p derived from them by the use of figure 2 in column 4. Column 5 gives cc calculated from a = (!" />) (!+p)/(2+p) ( 24) which is the reverse of equations (86). In equation (24) The values of a, i.e. the calculated probability of a fault, vary somewhat, but there is no sign of a systematic difference between the lines with l even and the lines with l odd. I t seems therefore th a t the assumption of faults in the cobalt structure, distributed a t random along the hexagonal axis, explains satisfactorily both the line-broadening and the difference in breadth between the lines with l even and with l odd.
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